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Abstract 
 
Objectives. This paper aimed to assess associations of childhood socioeconomic conditions 
(CSC) with the risk of frailty in old age and whether adulthood socioeconomic conditions 
(ASC) influence this association.  
Methods Data from 21 185 individuals aged 50 years and older included in the longitudinal 
Survey of Health, Ageing, and Retirement in Europe were used. Frailty was operationalized 
as a sum of presenting weakness, shrinking, exhaustion, slowness, or low activity. 
Confounder-adjusted multilevel logistic regression models were used to analyze associations 
of CSC and ASC with frailty. 
Results While disadvantaged CSC was associated with higher odds of (pre-)frailty in women 
and men (OR=1.73, 95%CI 1.34, 2.24; OR=1.84, 95%CI 1.27, 2.66, respectively), this 
association was mediated by ASC. Personal factors and demographics, such as birth cohort, 
chronic conditions and difficulties with activities of daily living, increased the odds of being 
(pre-)frail.  
Discussion Findings suggest that CSC are associated with frailty at old age. However, when 
taking into account ASC, this association no longer persists. The results show the importance 
of improving socioeconomic conditions over the whole life course in order to reduce health 
inequalities in old age. 
 
Keywords  
Health Outcomes; Socioeconomic Status; Successful Aging  
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Introduction 
Frailty is a clinical syndrome used in geriatric medicine characterized by cumulative declines 
across multiple biological systems and, as a result, an increased vulnerability to stressors 
(Clegg, Young, Iliffe, Rikkert, & Rockwood, 2013). Frail people are at an increased risk of 
disability, falls, dementia, institutionalization, healthcare utilization, and death (Romero-
Ortuno, 2013). Although there is an important heterogeneity in measures and definitions of 
frailty, one operationalization that has been validated, widely used, and accepted is the 
phenotype of frailty, previously described by Fried et al. (2001) (Etman, Burdorf, Van der 
Cammen, Mackenbach, & Van Lenthe, 2012; Romero-Ortuno, 2013; Santos-Eggimann, 
Cuenoud, Spagnoli, & Junod, 2009). It is defined as the presence of at least three of five 
specific attributes; shrinking, weakness, exhaustion, slowness, and low activity (Fried et al., 
2001; Macklai, Spagnoli, Junod, & Santos-Eggimann, 2013). The presence of one or two of 
the attributes can be considered as pre-frailty, a precursor of frailty. As frailty is a dynamic 
process, transitions between the states take place and each of the states are predictive of 
outcomes such as hospitalization or worsening disability. Thus, it is important to take the 
different states into consideration when studying frailty (Gill, Gahbauer, Allore, & Han, 
2006). 
Previous research has shown that the prevalence of frailty increases with each five-
year older age group: studies found prevalence rates of 17% among community-dwelling 
older adults aged 65 years and older and 25% to 40% among adults aged 80 years and over 
(Bandeen-Roche et al., 2015; Fried et al., 2001; Santos-Eggimann et al., 2009). Moreover, it 
was found that 52% of community-dwelling older adults over the age of 65 years were in a 
pre-frail state (Santos-Eggimann et al., 2009). Additionally, frailty was found to be more 
prevalent in women than in men, persons with lower education and lower income, poorer 
health, higher rates of comorbid chronic disease and disabilities, and in residents of nursing 
homes (Buckinx et al., 2015; Etman et al., 2012). With an ageing population, the number of 
(pre-)frail people will increase rapidly, thus identifying people at risk and preventing the 
process of becoming frail is important.  
Poor socioeconomic circumstances during childhood have already been shown to be 
associated with negative health outcomes during adulthood, such as higher risk of 
cardiovascular disease, lower quality of life, poorer physical capability, and higher mortality 
rates (Ben-Shlomo, 2013; Kuh, 2004; Wahrendorf & Blane, 2015). Multiple life course and 
life stage models exist in which childhood is regarded as the period in which people are most 
vulnerable to external influences (Blane, 2013; Bruer, 2001; Strachan, 2004; Stringhini et al., 
2015). Childhood is thought to influence health in later life through different possible 
pathways including biological and developmental processes, cumulative (dis)advantage of 
structural stress exposure, and social mobility (Bruer, 2001; Dannefer, 2003; Luo & Waite, 
2005).  
Besides individual level behaviors of children growing up in lower childhood 
socioeconomic circumstances, structural factors can also influence health and may have been 
prominent in the studied cohort during this period in Europe (Sharpe et al., 2018). For 
example, growing up in poor socioeconomic circumstances may also mean growing up in a 
lower-income neighborhood and home with poor environmental conditions, less access to 
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quality education, quality health care and high quality social networks, which in turn may 
impact health at older age (Doku, Acacio-Claro, Koivusilta, & Rimpela, 2018; Lazar & 
Davenport, 2018; Sharpe et al., 2018). Previous studies also suggest that socioeconomic 
factors contribute to differences in frailty and pre-frailty and that health inequalities as a result 
of education, occupational class, and wealth persist throughout old age (Santos-Eggimann et 
al., 2009; Stolz, Mayerl, Waxenegger, Rasky, & Freidl, 2017). Across birth cohorts, wealthier 
earlier birth cohorts show similar levels of frailty as recent cohorts, but the poorest cohort 
shows higher levels of frailty compared to earlier cohorts (Marshall, Nazroo, Tampubolon, & 
Vanhoutte, 2015). Additionally, recent studies found an increased risk in the worsening of 
frailty over time in lower educated persons aged 55 years and older compared to higher 
educated persons (Etman, Kamphuis, van der Cammen, Burdorf, & van Lenthe, 2015; Franse 
et al., 2017; Gill et al., 2006). This persisting inequality in old age can be partly explained by 
lifestyle and health, such as lower alcohol consumption, higher sedentariness, higher obesity, 
higher chronic disease rates, and being depressed (Cheval et al., 2018; Etman et al., 2015; 
Franse et al., 2017; Hoogendijk et al., 2014; Soler-Vila et al., 2016).  
So far, available studies have mainly looked at the influence of socioeconomic factors 
in mid- and late adulthood. However, not many studies exist on the effect of socioeconomic 
conditions in the sensitive build-up stage in the life course (i.e., childhood) on frailty, using 
longitudinal data and a comprehensive operationalization of frailty (Strachan, 2004; Vineis, 
Kelly-Irving, Rappaport, & Stringhini, 2016). In addition, how childhood socioeconomic 
conditions (CSC) may influence the development of frailty along with the effects of ageing 
and of life-course socioeconomic conditions is not well studied. Using longitudinal and 
multinational data enabled us to study whether (1) CSC are associated with levels of frailty in 
older adults as well as its rate of change and (2) whether this association is mediated by 
adulthood socioeconomic conditions (ASC). As a final, exploratory, aim, we examined this 
association while including other potentially related variables to frailty, such as chronic 
conditions and difficulties with activities of daily living (ADL).  
 
Methods 
Study design and population 
Data from individuals aged 50 years and over included in the longitudinal Survey of Health, 
Ageing, and Retirement in Europe (SHARE) were used. SHARE includes six waves of data 
that were collected every two years between 2004 and 2016 (Borsch-Supan et al., 2013). By 
means of standardized computer-assisted face-to-face interviews, information on aspects 
ranging from economic variables and demographics to health variables was collected (Alcer 
et al., 2005). Additionally, measurements of grip strength were performed for all participants. 
Retrospective life course data on CSC were only collected in wave three.  
For the current analyses we used all 6 currently available waves. SHARE participants 
were eligible for the analyses if they were aged between 50 and 95 years old, participated in 
the third wave, and had at least one complete measure of frailty in wave 1, 2, 4, 5 and 6. 
Participants were drawn from 14 European countries based on probability samples adapted to 
each country (Klevmarken, 2005). SHARE was approved by the relevant research ethics 
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committees in the participating countries and all participants provided written informed 
consent. 
 
Frailty 
The operationalization of frailty required adaptation of the SHARE data to the original 
attributes from the phenotype of frailty by Fried and colleagues (Fried et al., 2001).  In order 
to construct the dependent variable with the provided information in SHARE, we adhered to 
Santos-Eggimann et al.’s (2009) proposition of the operationalization of frailty, which was 
measured similarly at each wave. This operationalization was constructed by selecting the 
most suitable metric and has been tested and validated in the SHARE population (Macklai et 
al., 2013; Romero-Ortuno, 2013). The shrinking attribute was operationalized using the 
question, “What has your appetite been like” and was fulfilled when participants reported the 
answer “diminution in desire for food” or, in the case of an unclear response to this question, 
the answer “less” to the follow-up item “So have you been eating more or less than usual?”. 
Weakness was derived from the grip strength measures, where the highest out of four 
consecutive dynamometer measures (two from each hand) was analysed using cut-offs 
calculated for each wave separately, stratified by gender and body mass index quartiles as 
proposed by Fried et al. (Fried et al., 2001). The weakness criterion was fulfilled by the 
weakest 20% in each category. Exhaustion was operationalized by a positive answer to the 
question, “In the last month, have you had too little energy to do things you wanted to do?”. 
The slowness attribute was defined through mobility questions, as SHARE measured walking 
speed only for individuals aged 75 or older. According to Santos-Eggimann et al. (2009), 
previous analyses showed that low speed and positive answers to either of the following two 
items were strongly associated: “Because of a health problem, do you have any difficulty 
[expected to last three or more months] walking 100 meters” or “…climbing one flight of 
stairs without resting”. For the low activity attribute, the question “How often do you engage 
in activities that require a low or moderate level of energy such as gardening, cleaning the car, 
or going for a walk?” was considered. The criterion was fulfilled for individuals answering 
either “one to three times a month” or “hardly ever or never”.  
Based on the operationalization of the five attributes, we created a score ranging from 
zero to five. Individuals with zero points were classified as non-frail, with one or two points 
as pre-frail, and with three or more points as frail (Fried et al., 2001). In the main analyses, 
frailty was dichotomised as either non-frail or (pre-)frail, in which those in pre-frail and frail 
states were combined. 
 
Childhood and Adulthood Socioeconomic Conditions 
CSC was computed according to Wahrendorf and Blane’s (2015) measure of childhood 
circumstances. This measure was constructed by combining four binary indicators of socio-
economic conditions at age 10; the occupational position of the main breadwinner, number of 
books at home, overcrowding, and housing quality. Previous studies showed that those four 
indicators are relevant when assessing the long-term effects of CSC on health 
(Chittleborough, Baum, Taylor, & Hiller, 2006; Dedman, Gunnell, Davey Smith, & Frankel, 
2001; Evans, Kelley, Sikora, & Treiman, 2010; Marsh, 1999). This information was collected 
D
ow
nloaded from
 https://academ
ic.oup.com
/psychsocgerontology/advance-article-abstract/doi/10.1093/geronb/gbz018/5308612 by Zurich U
niv Applied Sciences user on 11 February 2019
Ac
ce
pte
d M
an
us
cri
pt
 
7 
 
in the third wave of SHARE as part of the SHARELIFE module, which is a retrospective 
survey focused on people’s life histories (Schröder, 2011).  
The occupational position of the main breadwinner was constructed by reclassifying 
the 10 main occupational groups of the International Standard Classification of Occupations 
(ISCO) according to their skill levels (Wahrendorf, Blane, Bartley, Dragano, & Siegrist, 
2013). The first and second skill levels were categorised as ‘low’ and the third and fourth skill 
levels were regrouped as ‘high’ occupational position. A binary item was constructed using 
the number of books at home, with the category ‘0 – 10 books’ being an indicator of social 
disadvantage (Evans et al., 2010). The measure of overcrowding was constructed using survey 
answers regarding the number of people living in the household and the number of rooms 
(excluding kitchen, bathrooms, and hallways). Having more than one person per room in the 
household was considered as overcrowding (Marsh, 1999). Finally, housing quality was 
assessed by the presence of the following items; fixed bath, cold running water supply, hot 
running water supply, indoor toilet, and central heating. Where none of these were present, 
the household was coded as disadvantaged (Dedman et al., 2001). A categorical variable for 
CSC ranging from zero (most advantaged) to four (most disadvantaged) was computed by 
combining the information of the four indicators. 
The following variables were used as indicators of ASC; highest educational 
attainment (number of years), occupational class (high skill and low skill), and satisfaction 
with household income (from the question “Is household able to make ends meet?”, from one 
‘with great difficulty’ to four ‘easily’). Occupational class – high- or low-skilled – was based 
on the International Standard Classification of Occupations (ISCO) of the main job using the 
question ‘Which of the jobs you have told me about was the final job of your main career or 
occupation? By this we mean the last job in the career or the occupation that took up most of 
your working life, even though you might have had other jobs afterwards’. Participants who 
never performed paid work were classified as low skill. 
 
Potential confounders and predictors 
All analyses were adjusted for age and attrition (no dropout, dropped, deceased) and potential 
confounders, including birth cohort (no crisis or war period [i.e., born before 1914, between 
1919 and 1928, or after 1945], first and second world war [i.e., born between 1914 and 1918 
or between 1939 and 1945], and Great Depression [i.e., born between 1929 and 1938]), and 
growing up with biological parents (both parents, either mother or father, without parents). 
Final models (model 3) were adjusted for other possible predictors of frailty; partnership 
status (living with partner: yes, no), cognitive functioning (delayed recall memory and verbal 
fluency), smoking (ever, not), number of chronic conditions (total number), difficulties with 
ADL (score range zero to five), and difficulties with instrumental activities of daily living 
(IADL, score range zero to five). For the number of chronic conditions, a score was computed 
based on the following conditions: stroke, heart attack, hypertension, diabetes, cancer, 
Parkinson’s disease, and asthma. ADL was based on bathing, dressing, eating, getting in and 
out of bed, and walking across a room. IADL was based on using the telephone, managing 
money, managing medications, shopping for groceries, and preparing meals. 
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Statistical analyses  
To describe the associations of CSC with frailty, logistic mixed effects models were 
estimated. These models have been developed to take the nested structure of the data into 
account (e.g., multiple observations within a single participant), thereby providing accurate 
parameter estimates with acceptable type 1 error rates (Boisgontier & Cheval, 2016). 
Additionally, using this modelling approach, we did not have to exclude participants that had 
missing observations in certain waves, as they do not require an equal number of observations 
from all participants (See Supplementary Figure 1 for a flow chart for more information on 
participants’ selection criteria). We also checked if missing observations were country-
specific, which was not the case. Models’ Bayesian Information Criterion (BIC) as well as 
likelihood ratio tests revealed that the best random structure was random intercepts for 
participants and random linear slopes of age. Random slopes estimate the linear growth 
trajectory of the individual participant. In order to see the estimates per country, countries 
were included as fixed effect (Supplementary materials Tables 3-6). 
 Analyses were stratified by gender based on expected differences between men and 
women in the prevalence of frailty (Buckinx et al., 2015). All analyses were adjusted for age, 
country, and living with biological parents during childhood. All models were additionally 
adjusted for birth cohort, as people from earlier cohorts were more likely to come from more 
disadvantaged socioeconomic conditions. Age was centred at 73 years, which was the 
sample’s midpoint, and then divided by ten so the coefficients yield the effect of the overall 
frailty evolution over a 10-year interval. Age squared was included to account for possible 
accelerated changes in frailty over ageing. Interaction terms between CSC and age were 
included to test whether CSC moderated the effects of ageing on (pre-)frailty. A significant 
interaction means that the rate of change in frailty differs across CSC. As potential mediators, 
we ran a second model that included indicators of ASC. A third model additionally included 
health- and lifestyle variables. 
 Four sensitivity analyses were performed; two analyses with frailty as a dichotomous 
outcome comparing (1) non-frail to pre-frail individuals, and (2) non-frail and pre-frail versus 
frail individuals (to check for the associations in different frailty states, as the number of 
participants who were frail within each CSC were low), one where participants older than 90 
were excluded (as descriptive statistics showed that observations in this age category within 
each CSC were very low, which may lead to problems with estimation), and one where 
clinically depressed participants were excluded (as the definition of frailty overlaps to some 
extent with depression, particularly exhaustion and low activity). Additionally, we ran ordinal 
multilevel regression models, where frailty was divided into three categories; frail, pre-frail, 
and non-frail. Statistical analyses were performed using the R language and the lme4 and 
lmerTest packages (Bates, Mächler, Bolker, & Walker, 2015; Kuznetsova, 2016; R Core 
Team, 2017).  
 
Results 
Participant characteristics 
Participant characteristics are reported in Table 1. The final sample consisted of 21 185 
people (55% female) (See Supplementary Figure 1 for a flow chart). Mean age was 63.4 years 
D
ow
nloaded from
 https://academ
ic.oup.com
/psychsocgerontology/advance-article-abstract/doi/10.1093/geronb/gbz018/5308612 by Zurich U
niv Applied Sciences user on 11 February 2019
Ac
ce
pte
d M
an
us
cri
pt
 
9 
 
(9.5 standard deviation (SD)) for women and 63.4 (9.0) for men. A CSC gradient was 
observed in women and men: the percentage of (pre-)frail people increased from most 
advantaged to most disadvantaged CSC (See Supplementary Tables 1 and 2). Participants had 
on average 3 complete (information on all attributes was available) measures of frailty over 
the five waves and the number of participants with only one measurement wave was 13%. 
 
Effects of childhood socioeconomic conditions on risk of frailty over ageing 
The results of the confounder-adjusted logistic mixed-effects models for the association of 
CSC with the odds of being (pre-)frail are shown in models 1 in Table 2 (women) and Table 3 
(men). Women who grew up in disadvantaged and most disadvantaged CSC had higher odds 
of being (pre-)frail compared to those in the most advantaged CSC. This result was similar 
among men, where additionally a higher odds was found among those from middle CSC. 
Among women and men, a positive age indicated that as people age, the odds of being (pre-
)frail increased. The significant quadratic effect of age coefficient indicated that there was an 
accelerated change of frailty over ageing. Interactions of CSC with age and age squared 
showed no significant effects, indicating that CSC did not moderate the level nor the rate of 
change in (pre-)frailty over ageing (Supplementary Tables 3 and 4).  
 Figure 1 shows the predicted probability of being (pre-)frail in women and men for 
each CSC (model 1). The figure suggests a difference between the CSC that is relatively 
stable, but diminishes from age 85 onwards.  
 
Effects of adulthood socioeconomic conditions on risk of frailty over ageing 
When educational attainment, main occupational class, and satisfaction with household 
income were added as potential mediators in the model including CSC, results indicated that 
these indicators of ASC mediate the association of CSC with odds of being (pre-)frail in both 
women and men (see model 2 in Tables 2 and 3).  
In both women and men, lower education, having a low skilled job, and higher 
satisfaction with income were associated with higher odds of (pre-)frailty. Regarding the 
health- and lifestyle variables, living without a partner increased the odds of being (pre-)frail 
in both women and men. Having smoked and more difficulties with IADL were associated 
with higher odds of being (pre-)frail in women (see model 3 in Tables 2 and 3). 
The results of the sensitivity analyses for frailty as dichotomous outcome comparing 
non-frail to pre-frail can be found in the Supplementary Tables 5 and 6. For the other 
sensitivity analyses as well as results from ordinal multilevel regression models, tables are not 
shown. Overall, the results of the sensitivity analyses were consistent with these findings in 
the main analyses.  
 
Discussion 
In this study, the association of CSC, ASC, and other life course factors with (pre-)frailty at 
older age was analysed using large scale, multinational, longitudinal data. With respect to our 
first research question, results showed a relation between CSC and the odds of being (pre-
)frail in both women and men: the more disadvantaged the CSC, the higher the odds of being 
(pre-)frail. However, these results no longer hold when looking at our second research 
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question, the effects of ASC (i.e., level of education, main occupation class, and level of 
household income) on the relation between CSC and frailty, as findings showed that ASC 
mediated the effect of CSC on the odds of being (pre-)frail in both women and men.   
 Our findings corroborate cross-sectional studies showing a relationship between 
disadvantaged socioeconomic conditions over the life course, measured by, amongst others, 
education, standard of living, and household income, and a higher risk of frailty in old age in 
France, Italy, and Latin America (Alvarado, Zunzunegui, Beland, & Bamvita, 2008; Herr, 
Robine, Aegerter, Arvieu, & Ankri, 2015; Poli et al., 2016). Our study went further by 
showing that socioeconomic differences persisted over age, and even increased among 
women. Two studies from Latin America and the United Kingdom support our findings of a 
relationship between poor CSC and higher odds of frailty in both men and women (Alvarado 
et al., 2008; Gale, Booth, Starr, & Deary, 2016). Our study added to these findings by using a 
more comprehensive indicator of CSC. Other research supports the idea that not only CSC, 
but also socioeconomic circumstances across the life course are determinants of frailty in later 
life. Alvarado et al. found that adulthood and current social conditions, measured as low 
education, non-white collar occupation, and insufficient income, were cross-sectionally 
associated with higher odds of frailty in both men and women (Alvarado et al., 2008). 
Gardiner et al. studied frailty trajectories in older women and found that late-life 
socioeconomic status has a strong impact on frailty, but did not look at the effects of CSC 
(Gardiner, Mishra, & Dobson, 2016). Similar to the findings in the present study, they found 
that women who had difficulties in managing their income were more likely to be frail. Dury 
and colleagues also found that older people who had a lower household income were more at 
risk for frailty (Dury et al., 2016). Similarly, Herr et al. found that the most important risk 
factor of frailty was a poor level of financial security in old age (Herr et al., 2015). These 
findings all support the idea that socioeconomic circumstances across the life course are 
strong determinants of frailty in older age.  
Importantly, the present study is the first longitudinal and cross-national European 
study to reveal that pathways to (pre-)frailty already start in childhood and are associated with 
CSC. However, what this study adds to the existing knowledge is that these findings on the 
association with CSC no longer qualify when taking a life-course perspective: taking ASC 
(i.e. education, occupation, and income) into account mediates the association. 
Apart from the findings on socioeconomic conditions, in several exploratory analyses, 
we also revealed that key demographic variables, such as age and individual differences in life 
history, such as not having a partner, may be associated with frailty. These results corroborate 
previous cross-sectional reports on increasing age being associated with increasing prevalence 
of frailty, or multi-morbidity (Woo, Zheng, Leung, & Chan, 2015). Increased age was also 
found to be a risk factor for frailty by Dury et al (Dury et al., 2016). Further, they found that 
having no partner was a risk characteristic, which was also a finding in this study, but only in 
men. More in-depth research in the findings regarding demographics and personal factors 
over the life course may help in explaining its pathways with frailty. 
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Strengths and limitations 
A major strength of this study is the use of a multinational and longitudinal database with a 
large sample size with a potential observation period of 10 years. Additionally, pre-defined 
and previously used methods for defining and analysing socioeconomic conditions and frailty 
were used, thereby limiting chances of misclassification bias. Also, using the same methods 
of operationalizing frailty as other SHARE studies makes it easy to compare the results of this 
study with other SHARE studies. We minimised the health selection bias by including 
respondents participating in only one wave.  
The present study has some limitations. First, information on CSC and ASC was 
measured retrospectively and was self-reported. The data may therefore be subject to recall 
bias. However, previous research found evidence for the accuracy of recall of simple 
measures of socioeconomic conditions in a survey of older adults (Lacey, Belcher, & Croft, 
2012). Second, as we used longitudinal data, we had participants who dropped out or died 
during follow-up. However, to deal with this, we adjusted for attrition in the analyses, which 
is a statistical adjustment for mediator-outcome confounding, although this does not solve the 
issue of missing data due to attrition. Third, different definitions and methods of 
operationalizing frailty exist which may lead to different estimates of frailty, depending on the 
definition used and the population being studied. Even though several SHARE studies used 
the same operationalization, it may be more difficult to compare to studies using a different 
operationalization. Yet, this strategy seems most optimal to allow better comparison with 
other studies using SHARE data. Additionally, in our analyses we combined the pre-frail and 
frail groups, whereas some other studies only look at frailty (3 or more attributes) or a sum 
score. Even though this may make direct comparison more difficult, in our sensitivity 
analyses we did not find changes to the main analyses and are thus confident about the 
associations we found. 
 
Conclusion 
The present study is the first longitudinal cross-national European study to analyse the 
associations of CSC with frailty and explore the role of ASC as mediators in this association. 
In conclusion, our findings suggest that pathways to (pre-)frailty start in early life. 
Importantly, they also demonstrate that these effects are mediated by socioeconomic factors 
later in life. These findings give clear evidence of the long-term impact of socioeconomic 
conditions over the life course on frailty at older age. This may help in developing public 
health policies improving frailty trajectories by targeting individuals at risk of becoming frail. 
Early interventions for (pre-)frail individuals are expected to improve their quality of life and 
reduce costs of care (Buckinx et al., 2015). Policies aiming to improve socioeconomic 
conditions in adulthood, can have beneficial effects across the life course and may help in 
reducing the impact of unfavourable early-life conditions on health inequalities.  
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Table 1. Participant characteristics 
 Women Men  
 n(%) n(%) 
Non-frail 5168 (45%) 5289 (55%) 
Pre-frail 5169 (45%) 3723 (39%) 
Frail 1267 (11%) 569 (6%) 
Age, years (SD) 63.4 (9.5) 63.4 (9.0) 
Birth cohort   
No war, no economic crisis 5996 (52%) 4680 (49%) 
War 2886 (25%) 2461 (26%) 
Economic crisis 2722 (23%) 2440 (25%) 
Living with biological parents   
Both parents 10459 (90%) 8681 (91%) 
One biological parent 902 (8%) 729 (8%) 
Without biological parent 243 (2%) 171 (2%) 
Attrition   
No drop out 8402 (72%) 6609 (69%) 
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 Women Men  
 n(%) n(%) 
Drop out 2299 (20%) 1926 (20%) 
Death 903 (9%) 1046 (11%) 
Level of education, in years (SD) 10.3 (4.1) 11.2 (4.4) 
Main occupation low skill (vs high) 9681 (83%) 6566 (69%) 
Satisfaction with income (SD) 2.8 (0.9) 2.9 (0.9) 
Delayed recall memory (SD) 0.4 (1.8) 0.4 (1.9) 
Verbal fluency (SD) 2.1 (6.6) 2.1 (6.8) 
Ever smoked (SD) 0.3 (0.5) 0.6 (0.5) 
Number chronic conditions (SD) 1.7 (1.3) 1.5 (1.2) 
Partnership status, living with partner (vs without) 7760 (67%) 8001 (84%) 
Difficulties ADL (SD) -0.0 (0.6) -0.0 (0.5) 
Difficulties IADL (SD) -0.0 (0.8) -0.1 (0.7) 
Note. ADL, activities of daily living; IADL, instrumental activities of daily living; SD, standard deviation; vs, versus. N women = 11604, N 
men = 9581. Satisfaction with income ranges between 1 (great difficulty) and 4 (easily). 
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Table 2. Associations between childhood socioeconomic conditions and (pre-)frailty
a
 at older age, women 
 Model 1
 
Model 2
 
Model 3
 
 OR (95% CI)  OR (95% CI)  OR (95% CI)  
Age 3.52 (2.72, 4.55)*** 3.49 (2.35, 5.19)*** 3.69 (2.07, 6.60)*** 
Age squared 1.45 (1.25, 1.68)*** 1.34 (1.05, 1.69)* 1.57 (1.10, 2.23)* 
Birth cohort, war
b 
0.97 (0.87, 1.08)  0.95 (0.85, 1.05) 0.99 (0.87, 1.10) 
Birth cohort, economic crisis
b 
1.02 (0.91, 1.17)  0.99 (0.87, 1.11) 0.93 (0.79, 1.10) 
Living with one parent
c 
1.09 (0.87, 1.08)  1.01 (0.88, 1.18)  1.02 (0.85, 1.23) 
Living without parents
c 
1.23 (0.94, 1.63)  1.18 (0.90, 1.56)  1.17 (0.84, 1.63) 
CSC advantaged
d 
1.04 (0.81, 1.34)  0.92 (0.74, 1.18)  0.98 (0.72, 1.34)  
CSC middle
d 
1.17 (0.93, 1.63)  0.94 (0.74, 1.20) 1.09 (0.80, 1.48) 
CSC disadvantaged
d 
1.33 (1.04, 1.70)* 0.96 (0.74, 1.23)  0.92 (0.67, 1.26) 
CSC most disadvantaged
d 
1.73 (1.34, 2.24)*** 1.12 (0.85, 1.47) 1.06 (0.75, 1.50) 
Age x CSC advantaged
d 
0.90 (0.67, 1.21) 0.91 (0.68, 1.22)  1.02 (0.66, 1.58) 
Age x CSC middle
d 
1.04 (0.78, 1.38) 1.08 (0.81, 1.44)  1.05 (0.68, 1.60) 
Age x CSC disadvantaged
d 
1.02 (0.77, 1.35)  1.02 (0.76, 1.38) 0.98 (0.63, 1.51) 
Age x CSC most disadvantaged
d 
0.87 (0.65, 1.16) 0.89 (0.65, 1.21)  1.01 (0.64, 1.60)  
Level of education in years  0.96 (0.95, 0.98)***  0.97 (0.95, 0.99)* 
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 Model 1
 
Model 2
 
Model 3
 
 OR (95% CI)  OR (95% CI)  OR (95% CI)  
Age x education  1.00 (0.98, 1.02)  1.00 (0.97, 1.03) 
Main occupation, low
e
   1.20 (1.02, 1.40)* 1.13 (0.92, 1.39) 
Age x low occupation
e 
 0.98 (0.81, 1.18)  0.75 (0.56, 1.00) 
Satisfaction with income  1.37 (1.30, 1.44)*** 1.30 (1.22, 1.39)*** 
Age x satisfaction with income  1.05 (0.99, 1.12) 1.01 (0.92, 1.10) 
Partnership, without partner
f 
  1.12 (1.00, 1.25)* 
Delayed recall   0.99 (0.96, 1.02) 
Fluency   1.00 (0.99, 1.01) 
Ever smoked
g 
  1.14 (1.03, 1.26)* 
Number of chronic conditions   1.01 (0.98, 1.05) 
Difficulties ADL   0.90 (0.82, 1.00) 
Difficulties IADL   1.09 (1.01, 1.18)* 
Note. ADL, activities of daily living; CI, confidence interval; CSC; childhood socioeconomic conditions; IADL, instrumental activities of daily 
living; OR, odds ratio; Ref, reference category. Models are adjusted for attrition, country, aged squared x education, age squared x occupation, age 
squared x satisfaction with income. N = 11604. Satisfaction with income ranges between 1 (great difficulty) and 4 (easily). 
a
Frailty, reference category non-frail  
b
Birth cohort, reference category no war and no economic crisis 
c
Living with biological parents, reference category both parents 
d
Childhood socioeconomic conditions, reference category most advantaged 
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e
Main occupation, reference category high occupation 
f
Partnership status, reference category with partner 
g
Smoking, reference category never 
*p<.05, **p<.01, ***p<.001  
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Table 3. Associations between childhood socioeconomic conditions and (pre-)frailty
a
 at older age, men 
 Model 1
 
Model 2
 
Model 3
 
 OR (95% CI)  OR (95% CI)  OR (95% CI)  
Age 3.44 (2.36, 5.00)*** 2.75 (1.56, 4.84)*** 2.70 (1.53, 4.75)** 
Age squared 1.41 (1.10, 1.81)** 1.18 (0.81, 1.72) 1.16 (0.80, 1.70) 
Birth cohort, war
b 
0.95 (0.81, 1.11) 0.94 (0.80, 1.10) 0.95 (0.81, 1.11) 
Birth cohort, economic crisis
b 
0.90 (0.75, 1.08) 0.87 (0.73, 1.05) 0.88 (0.74, 1.06) 
Living with one parent
c 
0.88 (0.71, 1.10) 0.90 (0.72, 1.12)  0.89 (0.71, 1.11) 
Living without parents
c 
1.25 (0.81, 1.94) 1.25 (0.81, 1.93)  1.21 (0.78, 1.87) 
CSC advantaged
d 
1.27 (0.88, 1.84)  1.10 (0.76, 1.60)  1.09 (0.75, 1.57) 
CSC middle
d 
1.44 (1.02, 2.04)* 1.11 (0.78, 1.59)  1.12 (0.78, 1.59) 
CSC disadvantaged
d 
1.61 (1.13, 2.31)** 1.11 (0.76, 1.61)  1.11 (0.77, 1.62) 
CSC most disadvantaged
d 
1.84 (1.27, 2.66)** 1.16 (0.78, 1.71) 1.18 (0.80, 1.75) 
Age x CSC advantaged
d 
0.85 (0.55, 1.32) 0.82 (0.52, 1.28)  0.83 (0.53, 1.29) 
Age x CSC middle
d 
0.95 (0.63, 1.44)  0.93 (0.61, 1.43)  0.95 (0.63, 1.45) 
Age x CSC disadvantaged
d 
0.90 (0.60, 1.37)  0.87 (0.56, 1.35)  0.88 (0.57, 1.38) 
Age x CSC most disadvantaged
d 
0.97 (0.64, 1.48) 0.93 (0.58, 1.49) 0.94 (0.59, 1.50) 
Level of education in years  0.98 (0.96, 1.00)*  0.98 (0.96, 1.00)* 
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 Model 1
 
Model 2
 
Model 3
 
 OR (95% CI)  OR (95% CI)  OR (95% CI)  
Age x education  1.02 (0.99, 1.04)  1.02 (0.99, 1.04) 
Main occupation, low
e
   1.32 (1.10, 1.59)**  1.29 (1.07, 1.55)** 
Age x low occupation
e 
 1.17 (0.93, 1.48)  1.17 (0.93, 1.48) 
Satisfaction with income  1.37 (1.27, 1.48)*** 1.36 (1.26, 1.47)*** 
Age x satisfaction with income  1.02 (0.93, 1.12) 1.02 (0.93, 1.13) 
Partnership, without partner
f 
  1.36 (1.19, 1.63)*** 
Delayed recall   0.99 (0.96, 1.03) 
Fluency   1.00 (0.99, 1.01) 
Ever smoked
g 
  1.12 (1.00, 1.27) 
Number of chronic conditions   0.98 (0.94, 1.02) 
Difficulties ADL   1.04 (0.92, 1.17) 
Difficulties IADL   1.02 (0.93, 1.12) 
Note. ADL, activities of daily living; CI, confidence interval; CSC; childhood socioeconomic conditions; IADL, instrumental activities of daily 
living; OR, odds ratio; Ref, reference category. Models are adjusted for attrition, country, aged squared x education, age squared x occupation, age 
squared x satisfaction with income. N = 9581. Satisfaction with income ranges between 1 (great difficulty) and 4 (easily). 
a
Frailty, reference category non-frail  
b
Birth cohort, reference category no war and no economic crisis 
c
Living with biological parents, reference category both parents 
d
Childhood socioeconomic conditions, reference category most advantaged 
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e
Main occupation, reference category high occupation 
f
Partnership status, reference category with partner 
g
Smoking, reference category never 
*p<.05, **p<.01, ***p<.001  
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Figure 1 Predicted probability of being (pre-)frail for each childhood socioeconomic condition, adjusted
a
 
 
a
Adjusted for age, age squared, attrition, birth cohort, living with biological parents, age*CSC, age 
squared*CSC (see Table 2 and Table 3, Model 1) 
                         
D
ow
nloaded from
 https://academ
ic.oup.com
/psychsocgerontology/advance-article-abstract/doi/10.1093/geronb/gbz018/5308612 by Zurich U
niv Applied Sciences user on 11 February 2019
